The disrupted gluten structure of infested wheat flours yields to low quality doughs 2 unusable to bread-making processes. Enzymes are replacing chemical treatments in the food industry as a tool to treat weak flours. Glucose oxidase (GO) is one of the 4 most promising oxidative enzymes although it has not been demonstrated yet its efficiency over the alcohol-soluble fraction of the gluten proteins. If this enzyme could 6 restore the broken covalent bonds between the glutenin subunits, the gluten network of damaged wheat flour would recover their native structure and functionality. This 
INTRODUCTION

2
Preharvest infestation of wheat by Heteropterous insects produces a dramatic decrease in the gluten quality causing enormous losses to bakers, farmers and millers.
4
The insect responsible of this plague in countries of Europe and North Africa are bugs of the genera Eurygaster spp and Aelia spp, and Nysius huttoni in New Zealand. Those 6 insects inject salivary proteinases that solubilize the storage proteins, which are crucial for the formation of the gluten network and for its stability [1] [2] [3] . One of these proteinases 8 was purified in wheat grains from New Zealand 4-6 but none of them has been purified yet in wheat grains from Europe or North Africa. The infestation of wheat grains 10 produces the weakening of wheat proteins rendering softer dough that is unusable for industrial bread-making processes [7] [8] [9] .
12
The baking industry standard treatments for weak flours include dough conditioners 14 such as ascorbic acid, azodicarbonamide and potassium bromate 10 . The relationship between chemical oxidants and the incidence of cancer disease 11, 12, 13 , as well as the 
28
-4 -gluconic acid and a molecule of hydrogen peroxide that can either form disulfide bonds between proteins 16,17 , or dityrosine crosslinks 18 . It has been already described the 2 formation of dityrosine crosslinks by treating proteins with hydrogen peroxide or peroxidase [18] [19] [20] . Dunnewind et al (2002) 21 reported that the addition of GO increase the 4 dough stress and the strain hardening. It also increases the loaf volume and improves the crumb grain of bread 22, 23 . To summarize, it has been demonstrated that the 6 addition of GO has a strengthening effect on wheat dough to demonstrate the ability of GO to restore the structure and functionality of flour from 24 insect damaged wheat. If GO could restore the disrupted gluten network of damaged wheat as TG did, it would be another tool available to reduce the economical losses 26 caused to bakers and farmers.
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The aim of this study was to restore the gluten functionality of infested wheat catalyzed by GO, to determine the possible thermal stabilization of the complex formed, and 2 finally to demonstrate the importance of this effect on the improvement of the damaged flour bread-making properties. The protein thermal stabilization was followed by 4 differential scanning calorimetry (DSC), the crosslinking between the glutenin subunits and the formation of high molecular weight aggregates was analyzed by high 6 performance capillary electrophoresis (HPCE) and scanning electron microscopy (SEM), respectively. Changes produced in functionality of flour were assessed in bread 8 loaves by mean of texture parameters, shape index (height/width) calculation, and specific volume of breads.
10
MATERIALS AND METHODS
12
Materials
Sound (9.1% protein) and insect damaged (9.9% protein) wheat flours were from Wheat samples after an appropriate cleaning were milled in a laboratory Perten Mill
22
(Perten Instruments, Stockholm, Sweden).
24
Gluten samples preparation
Wet gluten balls were obtained from 10g of sound and damaged wheat flours following 
4
Differential scanning calorimetry
The thermal behaviour of gluten proteins was determined as described in León et al 
24
Statistical analysis
Multiple sample comparison was statistically analyzed with Statgraphics Plus 5.0.
26
Duncan's multiple range tests was used to separate means. Significance was accepted at P ≤ 0.05.
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RESULTS AND DISCUSSION
2
Glucose oxidase effect on gluten from damaged wheat
The treatment of damaged gluten with the different GO levels on fractions was followed 4 by HPCE (Figure 1) . Total glutenins showed a significant (P < 0.05) decrease from non-treated samples to those treated with 0.001 and 0.005% GO. Nevertheless the 6 most important effect on these subunits was detected with the highest GO dosage which value decreased more than four times in comparison with data obtained for non- 
2
In the insect infested wheat, HMW-GS are the first to be hydrolysed by the insect 4 proteases 6,39 leading to a structure with higher stability, which could resist the protease hydrolysis 40 . Likely, the resulting protein structure might be formed by HMW-GS 6 bonded to LMW-GS (branches of the backbone) that are highly conserved regions
37
.
The present study demonstrated that HMW-GS are also the first glutenin subunits to be 
18
Effect of glucose oxidase treatment on the thermal behavior of gluten from damaged wheat
20
The thermal behavior of the gluten proteins studied by using differential scanning calorimetry was determined in order to detect the stability of the structural changes
22
produced by GO in damaged wheat. Only one endothermic peak was observed in the thermograms at 50ºC, which agrees with previous results 33, 40, 43 . Table 1 summarizes 24 the thermal parameters corresponding to the endothermic peak of gluten. In absence of GO treatment, the peak of damaged gluten appeared at significantly (P < 0.05) higher
26
temperatures than that corresponding to sound gluten, but the peak was narrower as indicates the lower denaturation temperature range (∆Td). The addition of GO at the -10 -minimum level (0.001%) produced a significant (P<0.05) enhancement in the onset and peak denaturation temperatures and a significant decrease in the denaturation 2 temperature range. In the presence of increasing GO dosages, the denaturation temperatures (onset, peak and conclusion) of damaged gluten showed a significant 4 (P<0.05) decrease, and in consequence a progressive increase of the denaturation temperature range, which was significant till 0.005% GO addition.
6
The denaturation enthalpy was obtained by integrating the endothermic peaks ( Figure   2 ). Value obtained for damaged gluten without GO treatment was significantly (P < 8 0.05) higher than that for sound gluten 43 . The proteinases mainly affect the backbone formed by the HMW-GS 6 , after the insect proteinase hydrolysis the resulting protein 44 reported that increasing thermal stability is related to higher ratios of 12 monomeric proteins (gliadins and LMW-GS) to HMW-GS, which agree with data obtained in the present study.
14
The lowest GO dosage produced a decrease in the denaturation enthalpy of damaged gluten. That reduction could be due to the formation of high molecular aggregates
16
between HMW-GS and probably between HMW-GS and LMW-GS, yielding a different protein structure with a thermal stability rather close to sound gluten 43 . When the 18 dosage 0.005% GO was added the thermal stability of damaged gluten was significantly the same to that of sound gluten 43 , which might reveal that the thermal 20 stability of the damaged gluten has been completely restored. fragments of gluten were detected, which did not form part of the continuous network structure. In opposition, the sound gluten showed a nice continuous structure (A).
2
The treatment of the damaged wheat with the lowest dosage of GO produced a partial recovery of the continuous network structure (C). Bigger fragments, compared to non-4 treated samples, were observed separately from the whole structure.
The addition of 0.005% concentration of GO produced an evident improvement of the into the insoluble glutenin protein matrix, producing an increase in the water absorption due to the pentosan oxidative gelation.
10
The gluten hydrolysis caused by the infestation produced a weak gluten network and a weak crumb in bread, but did not affect the cohesiveness, springiness nor resilience.
12
The value of hardness and chewiness were 20% and 25% lower, respectively, than the same values determined for sound bread. The texture profile analysis of the bread recovering of the values of hardness and chewiness showed by sound bread, and had no effect on the rest of the texture parameters.
20
The results obtained in the present study agree with data obtained by Vemulapalli et al
22
, who reported the improvement of loaf volume catalysed by GO. Nevertheless,
Rasiah et al (2005) 26 reported that the treatment with GO produced improvement in the crumb properties but no increase in product volume. Nevertheless, the increase 24 observed in the shape index and the decrease in the specific volume observed could be ascribed to the higher amount of GO (ten times greater) used by these authors, and
26
to the different flour characteristics.
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CONCLUSION
Thermal and electrophoretic studies, as well as bread-making and SEM assays were 2 selected to give a molecular point of view and a eye-visual result of the enzyme treatment. HPCE results demonstrated the higher specificity of GO for gliadins and 4 HMW-GS, which formed high molecular weight aggregates even with the lowest GO dosage. It is supposed that HMW-GS were the most affected maybe devoted to the 6 hydrophobic character of the N-and C-terminal domains that facilitates the aggregation with other subunits. The DSC analysis showed that the high molecular aggregates 8 formed as a result of the GO treatment had a similar thermal stability than the gluten proteins from sound wheat. SEM micrographs supported the results obtained by HPCE
10
and DSC, showing a progressive recovery of the damaged gluten structure, reaching the same appearance than sound gluten when the highest GO level was used.
12
The bread-making studies confirmed the improved dough functionality of damaged wheat. The activity of GO on damaged wheat flour seems to be very efficient for the 14 recovery of the damaged gluten breadmaking ability.
In summary, the present study shows that appropriate GO dosages could be a good -20 - Values are the mean of four replicates ± standard deviation. Means followed by the same letter within a line are not significantly different (P< 0.05).
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